The single functional area is the most common area type in the Guangzhou Economic and Technological Development Zone. The largest proportion of all areas is allocated to traditional manufacturing industry functional areas, followed by high-tech enterprises, catering and entertainment, real estate, and education and health care, in descending order. The smallest proportion is allocated to finance and insurance functional areas. (3) The current layout of the functional areas in the Guangzhou Economic and Technological Development Zone conforms to the overall requirements and planning objectives of the central and local government. The layout and agglomeration of different blocks within the economic development zone are consistent with local industry's target orientation and development history.
Introduction
The urban functional areas are geographic units composed of various interrelated elements within a city [1] [2] [3] . These elements are rationally arranged in space and are interconnected through various material, capital, and information flows to provide space for people's living, production, recreation, and business activities, providing a good living environment and forming an exchange platform [4, 5] . Scientific, rational, and consistent functional zone planning are crucial to the implementation of long-term urban development goals. The rational layout and formation of urban functional areas can reduce the cost of urban housing purchases and living expenses, of residents' travel and commuting, and of production logistics. These characteristics will effectively enhance the pleasure of urban living, reduce the cost of urban large-scale production, improve the quality and efficiency of urban material and cultural production, attract more farmers and other residents of small towns to live in the city, However, these methods also have some problems. For example, the calculation model was too complex, the scale of research was too large, and the analyses of the mechanism behind the development of functional areas was still insufficient and needs in-depth study [42] .
In summary, the morphology of a city affects its ecological and socioeconomic functions, and thus, how a city is spatially structured has an important bearing on urban sustainability [43] . A reasonable distribution of urban functional areas can improve the efficiency of urban land use and promote sustainable urban development [44] . The availability of big data provides great potential for identifying and mapping urban functional zones [45] . The advantages of POI data, such as a large amount of data, easy access, and detailed information, offer a new perspective for urban functional zone identification methods. To solve the problems in the existing urban functional zone identification methods based on POI data, we applied a method for functional area identification based on POI data that is simple, effective, and can be used in complex areas in the Guangzhou Economic and Technological Development Zone. We also conduct a detailed analysis of the main functions and spatial distribution rules for various functional combinations in the Guangzhou Economic and Technological Development Zone. The main issues that we focused on are as follows:
1.
How can the spatial distribution of urban functional areas based on POI data be quickly and effectively identified? 2.
What is the spatial distribution of the functional zones in the Guangzhou Economic and Technological Development Zone? 3.
Does the current functional zone distribution of the Guangzhou Economic and Technological Development Zone conform to the central and local government planning objectives?
Materials and Methods

Study Area
The Guangzhou Economic and Technological Development Zone was established in 1984 with the approval of the State Council. It was one of the first national economic and technological development zones in China. The total area of Guangzhou Economic and Technological Development Zone is about 33.35 km 2 , with its GDP (Gross Domestic Product) reaching 320.953 billion yuan in 2017. The specific location and scope of the study area are shown in Figure 1 . The districts are Yonghe District, Eastern District, and Western District, from top to bottom in the right of Figure 1 , with an area of 11.45 km 2 , 16.53 km 2 , and 5.37 km 2 , respectively. POI data [40, 41] . However, these methods also have some problems. For example, the calculation model was too complex, the scale of research was too large, and the analyses of the mechanism behind the development of functional areas was still insufficient and needs in-depth study [42] . In summary, the morphology of a city affects its ecological and socioeconomic functions, and thus, how a city is spatially structured has an important bearing on urban sustainability [43] . A reasonable distribution of urban functional areas can improve the efficiency of urban land use and promote sustainable urban development [44] . The availability of big data provides great potential for identifying and mapping urban functional zones [45] . The advantages of POI data, such as a large amount of data, easy access, and detailed information, offer a new perspective for urban functional zone identification methods. To solve the problems in the existing urban functional zone identification methods based on POI data, we applied a method for functional area identification based on POI data that is simple, effective, and can be used in complex areas in the Guangzhou Economic and Technological Development Zone. We also conduct a detailed analysis of the main functions and spatial distribution rules for various functional combinations in the Guangzhou Economic and Technological Development Zone. The main issues that we focused on are as follows:
1. How can the spatial distribution of urban functional areas based on POI data be quickly and effectively identified? 2. What is the spatial distribution of the functional zones in the Guangzhou Economic and Technological Development Zone? 3. Does the current functional zone distribution of the Guangzhou Economic and Technological Development Zone conform to the central and local government planning objectives?
Materials and Methods
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The Guangzhou Economic and Technological Development Zone was established in 1984 with the approval of the State Council. It was one of the first national economic and technological development zones in China. The total area of Guangzhou Economic and Technological Development Zone is about 33.35 km 2 , with its GDP (Gross Domestic Product) reaching 320.953 billion yuan in 2017. The specific location and scope of the study area are shown in Error! Reference source not found.. The districts are Yonghe District, Eastern District, and Western District, from top to bottom in the right of Figure 1 , with an area of 11.45 km 2 , 16.53 km 2 , and 5.37 km 2 , respectively. 
Data and Preprocessing
In this paper, more than 128,000 POIs for Guangzhou City were obtained from AMap in 2017 [46] , of which 27,192 were within the Guangzhou Economic and Technological Development Zone. Attributes of POI data include 12 fields, such as POI name, type, type code, contact mode, longitude, latitude, address, city, county, street, postal code, and door number. POI data are divided into 20 categories based on their business services. Considering the specific needs of urban planning, this paper reclasses the above 20 categories of POI into 6 categories: high-tech enterprises, traditional manufacturing industry, real estate, catering and entertainment, education and health care, finance, and insurance. The correspondence in the reclassification process is shown in Table 1 . 
Others
The classification system in AMap is from the webservice site of AMap (https://lbs.amap.com/api/webservice/download).
Identification Framework
The process of urban functional area identification based on POI data is shown in Figure 2 . Based on POI data reclassification, we eliminate the POIs outside the study area according to the scope of the study area. After repeat experiments, we chose a 250 m grid as a basic unit. Then, the POI data are superimposed on the 250 m fishnet data of the development zone, and the number of POIs of various types in each grid was counted.
To identify the main function of each 250 m grid unit, we construct two indicator indexes, the frequency density index (F i ) and the ratio index (C i ), to judge the type of functional area. The formula is as follows:
In the formula, i is the POI type, n i is the number of type i POIs in a grid unit, N i is the total number of type i POIs, F i is the frequency density of type i POIs in a grid unit, and C i is the proportion of the frequency density of type i POIs in a grid unit.
After calculating F i and C i of every grid unit, the function discriminant analysis can be performed. When C i of one type in a grid unit is more than 50%, this unit can be seen as a single functional area, and the type of this unit is the same as i of maximum C i . When all C i are less than 50%, this unit can be seen as a mixed functional area, and the types of this unit are determined by the i of the top three C i . When any POI is not included in a grid unit, that is, when C i is null in this unit, the unit is seen as no data area. To identify the main function of each 250 m grid unit, we construct two indicator indexes, the frequency density index ( ) and the ratio index ( ), to judge the type of functional area. The formula is as follows:
(1)
In the formula, is the POI type, is the number of type POIs in a grid unit, is the total number of type POIs, is the frequency density of type POIs in a grid unit, and is the proportion of the frequency density of type POIs in a grid unit.
After calculating and of every grid unit, the function discriminant analysis can be performed. When of one type in a grid unit is more than 50%, this unit can be seen as a single functional area, and the type of this unit is the same as of maximum . When all are less than 50%, this unit can be seen as a mixed functional area, and the types of this unit are determined by the of the top three . When any POI is not included in a grid unit, that is, when is null in this unit, the unit is seen as no data area. 
Results
Functional Areas in Whole Development Zone
The Guangzhou Economic Development Zone takes the single functional areas as its main layout form as a whole ( Figure 3 ). Specifically, on the 250 m scale, single functional areas account for 52.46% of the total area of the development zone, mixed functional areas account for 17.07%, and no data areas account for 30.46%. Spatially, the Yonghe District and the Eastern District are dominated by single functional areas, while the Western Region is characterized by single functional areas and mixed functional areas, with the mixed function areas being slightly larger than the single functional areas. Figure 4 shows the proportions of all types. In terms of single functional areas, the traditional manufacturing industry type has the largest proportion, accounting for 26.34% of all single functional areas, followed by the high-tech enterprises type, which accounts for 9.53%. There are two reasons for the dominance of the traditional manufacturing industry and high-tech enterprise functional areas. One is that companies or enterprises are numerous, and the other is that every company or enterprise occupies a large area. Then, the next largest proportion is devoted to catering and entertainment, real estate, and education and health care functional areas, while the proportion of the finance and insurance functional area is smallest. From the perspective of spatial distribution, traditional manufacturing industry and high-tech enterprise functional areas are concentrated in Yonghe District and Eastern District but are sparse in the Western District. Other types of areas are scattered throughout the development zone.
Results
Functional Areas in Whole Development Zone
The Guangzhou Economic Development Zone takes the single functional areas as its main layout form as a whole (Figure 3) . Specifically, on the 250 m scale, single functional areas account for 52.46% of the total area of the development zone, mixed functional areas account for 17.07%, and no data areas account for 30.46%. Spatially, the Yonghe District and the Eastern District are dominated by single functional areas, while the Western Region is characterized by single functional areas and mixed functional areas, with the mixed function areas being slightly larger than the single functional areas. entertainment, which accounts for 2.36%. Considering the spatial distribution, the mixed functional areas are mainly distributed in the south of Yonghe District, the south of the Eastern District, and the majority of the Western District. The mixed functional areas of real estate, traditional manufacturing, and high-tech enterprises are mainly distributed in the south of the Western District, while the mixed functional areas of finance and insurance, education and health care, and catering and entertainment are mainly distributed in the southwest of the Eastern District.
(a) 
Functional Areas in Every District
The spatial distribution of functional areas in Yonghe District is shown in Figure 5 . In Yonghe District, single functional areas represent a larger proportion, accounting for 60.98%, while mixed functional areas account for 12.70%. The proportion of single functional areas in the Yonghe District is higher than that in the whole development zone, which reflects the centralized and compact distribution of POIs of the same type in that district. From the perspective of the spatial distribution of the single functional area, Yonghe District is mainly dominated by traditional manufacturing industry areas, accounting for 27.78% of the total Yonghe District, mainly concentrated in the northeast and west of Yonghe. The second type is high-tech enterprises, accounting for 10.53%, mainly distributed in the west and south of Yonghe. Then, the proportion of catering and entertainment areas, real estate areas, and education and health care areas decrease in turn. Finance and insurance functional areas have the least grid units. In terms of the spatial distribution of mixed functional areas, the combination of education and health care, and catering and entertainment with traditional manufacturing industry or high-tech enterprises occupies the most grid units. For the mixed functional areas, the combination of real estate, traditional manufacturing, and high-tech enterprises account for the largest proportion, at 2.73% of all mixed functional areas, followed by the combination of finance and insurance, education and health care, and catering and entertainment, which accounts for 2.36%. Considering the spatial distribution, the mixed functional areas are mainly distributed in the south of Yonghe District, the south of the Eastern District, and the majority of the Western District. The mixed functional areas of real estate, traditional manufacturing, and high-tech enterprises are mainly distributed in the south of the Western District, while the mixed functional areas of finance and insurance, education and health care, and catering and entertainment are mainly distributed in the southwest of the Eastern District.
The spatial distribution of functional areas in Yonghe District is shown in Figure 5 . In Yonghe District, single functional areas represent a larger proportion, accounting for 60.98%, while mixed functional areas account for 12.70%. The proportion of single functional areas in the Yonghe District is higher than that in the whole development zone, which reflects the centralized and compact distribution of POIs of the same type in that district. From the perspective of the spatial distribution of the single functional area, Yonghe District is mainly dominated by traditional manufacturing industry areas, accounting for 27.78% of the total Yonghe District, mainly concentrated in the northeast and west of Yonghe. The second type is high-tech enterprises, accounting for 10.53%, mainly distributed in the west and south of Yonghe. Then, the proportion of catering and entertainment areas, real estate areas, and education and health care areas decrease in turn. Finance and insurance functional areas have the least grid units. In terms of the spatial distribution of mixed functional areas, the combination of education and health care, and catering and entertainment with traditional manufacturing industry or high-tech enterprises occupies the most grid units. These units are staggered with single function areas in the southern Yonghe District. The spatial distribution of functional areas in the Eastern District is shown in Figure 6 . In the Eastern District, the single functional areas have a larger proportion, accounting for 51.14%, while the mixed functional areas account for only 12.39%. From the perspective of the spatial distribution of the single functional areas, the Eastern District is dominated by the traditional manufacturing industry areas, accounting for 26.44% of the total Eastern District, evenly distributed throughout the Eastern District. The second type is high-tech enterprises, accounting for 9.38%, which are mainly distributed in the eastern fringe of the Eastern District. Then, the proportion of catering and entertainment areas, education and health care areas, and real estate areas decreases in turn. Finance and insurance functional areas have the least grid units. In terms of the spatial distribution of mixed functional areas, the combination including finance and insurance occupies most grid units, containing various investment companies and commercial bank outlets, and is mainly distributed along Pioneer Avenue in the north and in the Southeast corner of the Eastern District. The spatial distribution of functional areas in the Eastern District is shown in Figure 6 . In the Eastern District, the single functional areas have a larger proportion, accounting for 51.14%, while the mixed functional areas account for only 12.39%. From the perspective of the spatial distribution of the single functional areas, the Eastern District is dominated by the traditional manufacturing industry areas, accounting for 26.44% of the total Eastern District, evenly distributed throughout the Eastern District. The second type is high-tech enterprises, accounting for 9.38%, which are mainly distributed in the eastern fringe of the Eastern District. Then, the proportion of catering and entertainment areas, education and health care areas, and real estate areas decreases in turn. Finance and insurance functional areas have the least grid units. In terms of the spatial distribution of mixed functional areas, the combination including finance and insurance occupies most grid units, containing various In the Eastern District, the total area devoted to single functions is larger than that for mixed functions. For the single functional areas, the Eastern District is mainly dominated by traditional manufacturing industry areas, while for the mixed functional areas, the combination including finance and insurance occupies most grid units.
The spatial distribution of functional areas in the Western District is shown in Figure 7 . In the Western District, the total area of single functional areas accounted for 47.14%, which is smaller than the proportion of single functional areas in the Yonghe District and Eastern District, while the total area of mixed functional areas accounted for 32.87%, which is significantly larger than the other two districts. From the perspective of the spatial distribution of the single functional area, the Western District is mainly dominated by traditional manufacturing industry areas, accounting for 23.44% of the total Western District, which are evenly distributed throughout the Western District. The second type is real estate, accounting for 8.44%, which is mainly distributed at the edge of the Western District. Then, the proportion of high-tech enterprises areas, education and health care areas, and finance and insurance areas decrease in turn. The catering and entertainment functional areas have the least grid units. In terms of the spatial distribution of mixed functional areas, the combination of real estate, high-tech enterprises, and traditional manufacturing industry occupies most grid units, accounting for 9.10%, which are mainly concentrated in the center of Western District. The second is the combination of education and health care, traditional manufacturing industry, and high-tech enterprises, accounting for 4.78%, mainly distributed in the north of the Western District. In the Eastern District, the total area devoted to single functions is larger than that for mixed functions. For the single functional areas, the Eastern District is mainly dominated by traditional manufacturing industry areas, while for the mixed functional areas, the combination including finance and insurance occupies most grid units.
The spatial distribution of functional areas in the Western District is shown in Figure 7 . In the Western District, the total area of single functional areas accounted for 47.14%, which is smaller than the proportion of single functional areas in the Yonghe District and Eastern District, while the total area of mixed functional areas accounted for 32.87%, which is significantly larger than the other two districts. From the perspective of the spatial distribution of the single functional area, the Western District is mainly dominated by traditional manufacturing industry areas, accounting for 23.44% of the total Western District, which are evenly distributed throughout the Western District. The second type is real estate, accounting for 8.44%, which is mainly distributed at the edge of the Western District. Then, the proportion of high-tech enterprises areas, education and health care areas, and finance and insurance areas decrease in turn. The catering and entertainment functional areas have the least grid units. In terms of the spatial distribution of mixed functional areas, the combination of real estate, high-tech enterprises, and traditional manufacturing industry occupies most grid units, accounting for 9.10%, which are mainly concentrated in the center of Western District. The second is the combination of education and health care, traditional manufacturing industry, and high-tech enterprises, accounting for 4.78%, mainly distributed in the north of the Western District. 
Discussion
Comparative Analysis
To verify the feasibility of the functional area identification method used in this article, we selected one grid unit in each type of functional area as the sample according to the results from the single functional area identification in the Eastern District of the Guangzhou Economic and Technological Development Zone. Then, we visually interpreted the Google Earth satellite images of all of the sample units and compared the functional area identification results based on POI data with the visual interpretation results. The comparison is shown in Figure 8 . The sample units containing traditional manufacturing industry and high-tech enterprise functional areas are shown as large factories, the sample unit containing education and health care functional area is shown as playgrounds, and the sample unit containing real estate functional area is shown as a residential area. The entities within the catering and entertainment or finance and insurance function types occupy a small area and are mostly mixed with other entities. The land use characteristics of these entities are not significant, so it is hard to distinguish them in the image. However, in the electronic map, we can see that restaurants and shops are the main entities in the catering and entertainment sample unit, while banks, ATM machines, and insurance companies are the main entities in the finance and insurance sample unit.
By comparing functional area identification results with satellite images or electronic maps, it can be seen that the spatial distribution of different functional areas in the Guangzhou Economic and Technological Development Zone can be effectively identified by POI-based methods if we do not consider errors in the original POI data. In the Western District, the total area devoted to single functions is larger than that for mixed functions. For single functional areas, the Western District is mainly dominated by traditional manufacturing industry areas, while for the mixed functional areas, the combination of real estate, high-tech enterprises, and traditional manufacturing industry occupies most grid units.
Discussion
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By comparing functional area identification results with satellite images or electronic maps, it can be seen that the spatial distribution of different functional areas in the Guangzhou Economic and Technological Development Zone can be effectively identified by POI-based methods if we do not consider errors in the original POI data. 
Development Process and Industry Layout in Guangzhou Economic and Technological Development Zone
The State Council established the following aims for economic and technological development zones: "to develop industries, to utilize foreign capital, to earn foreign exchange through exports, and to devote themselves to the development of high-tech industries" [47] . Since its establishment in 1984, the Guangzhou Economic and Technological Development Zone has actively introduced foreign capital, advanced technology and management experience, and vigorously developed the processing manufacturing industry and high-tech industries [48] [49] [50] . Since 2014, given the profound changes in the global economic and industrial structure, China's economic development has transitioned into "The New Normal". Faced with this new context, the State Council has proposed "optimizing the shape and layout of development zones, and speeding up the transformation and upgrading of development zones" [51] . The Guangzhou Economic and Technological Development Zone actively responded to the aims of the State Council by adjusting its industrial structure, changing its development mode, and optimizing its industrial space layout.
Examining the results for the urban functional areas identified using POI data from the Internet map, an analysis of the various functional areas and the characteristics of their overall area proportion a the 250 m scale show that the Guangzhou Economic Development Zone has indeed formed a general pattern of functional construction with the traditional manufacturing industry and high-tech enterprises as the main functional areas supported by real estate, catering and entertainment, education and health care, and finance and insurance. This pattern is consistent with the general requirements and specific planning objectives of the central and Guangdong provincial governments for economic development zones. The instructions from the central government to the Guangzhou Economic and Technological Development Zone for the construction of economic development zones have been followed, and the actual construction results conform to the planning documents and development goals. 
Examining the results for the urban functional areas identified using POI data from the Internet map, an analysis of the various functional areas and the characteristics of their overall area proportion a the 250 m scale show that the Guangzhou Economic Development Zone has indeed formed a general pattern of functional construction with the traditional manufacturing industry and high-tech enterprises as the main functional areas supported by real estate, catering and entertainment, education and health care, and finance and insurance. This pattern is consistent with the general requirements and specific planning objectives of the central and Guangdong provincial governments for economic development zones. The instructions from the central government to the Guangzhou Economic and Technological Development Zone for the construction of economic development zones have been followed, and the actual construction results conform to the planning documents and development goals.
Furthermore, the monitoring results based on POI data from Internet maps are consistent with the data from statistical channels. The statistical yearbook of development zones shows that in 2017, the GDP of the Guangzhou Development Zone reached 320.953 billion yuan. The benefits of traditional pillar industries were stable, and the gross output value of industries above the scale reached 745.911 billion yuan. The high-tech industry has seen significant improvement as a driving force in economic development. The total number of high-tech enterprises identified has reached 1632, and the output value of high-tech industrial enterprises above the region's scale has reached 170.422 billion yuan. The development zone now forms a modern service agglomeration area including a business district, economic zone headquarters, and financial innovation service zone.
Considering the spatial distribution details for the functional areas of the three major districts-Yonghe District, Eastern District, and Western District-in the development zone, the three districts have formed their own unique layout characteristics given their different development histories and locations. The West District was the earliest construction in the Guangzhou Economic and Technological Development Zone. In 2015, the Guangzhou Economic and Technological Development Zone proposed promoting the transformation of the Western District from an old industrial zone to a modern science and technology city integrating industry, residential space, and modern service industries. Since that time, the West District has carried out large-scale industrial upgrading and public infrastructure construction, and it is expected that the proportion of mixed function areas in the West District will further increase in the future. The Eastern District has been striving to build an industrial upgrading base in Guangzhou since 1992. Therefore, the industrial structure of the Eastern District is mainly composed of light industries, such as the chemical industry, food and beverage manufacturing, and electronic communication equipment manufacturing, and heavy industries, such as transportation equipment manufacturing. In April 2000, the Guangzhou Export Processing Zone was established in the Eastern District, with automobile manufacturing as the main industry. The above industrial development goals and the characteristics of the enterprise scale contribute to the formation of single functional areas. The Yonghe District is the most recent, founded in 1993 mainly as a gathering area for Taiwanese investment. It is the main gathering area of the advanced processing industry in the Guangzhou Economic and Technological Development Zone. The overall positioning of this industrial park and its goal of attracting investment contribute to the formation of single functional areas, and it is easier to form high-tech industrial chain enterprises. The results of the POI-based functional area identification shows that Yonghe District is indeed dominated by manufacturing and high-tech enterprises.
Conclusions
To identify functional areas within the development zone based on POI data, this paper conducts spatial identification of the functional areas of the Guangzhou Economic and Technological Development Zone and analyzes and discusses the spatial distribution and spatial aggregation characteristics of the detailed functional areas within the three districts of the Guangzhou Economic and Technological Development Zone. The main conclusions are as follows:
1.
POI data provided by Internet maps are free, easily obtained, and have the advantage of large volumes and more detail. These advantages mean that POI data offer a new perspective for urban functional area identification methods. Constructing the POI frequency density and function type proportion index model allows for the rapid and effective identification of urban functional areas. 2.
In the Guangzhou Economic and Technological Development Zone, on a 250 m scale, the area devoted to single functions is greater than that given to mixed functions. The traditional manufacturing industry functional areas hold the largest proportion, followed by high-tech enterprises areas, catering and entertainment areas, real estate areas, and education and health care areas. The finance and insurance areas account for the smallest proportion. Among the mixed functional areas, the mixed areas with real estate, traditional manufacturing industry, and high-tech enterprises account for the largest proportion. 3.
The Guangzhou Economic Development Zone has indeed constructed development goals following the general pattern of traditional manufacturing and high-tech enterprises as the main functional areas, and real estate, catering and entertainment, education and medical treatment, and finance and insurance as supporting facilities. Based on a historical analysis of the development of the economic development zone, it can be seen that the current development and functional layout of the Guangzhou Economic Development Zone conforms to the general requirements and planning objectives of the Central Committee and Guangdong Province. Within the economic development zone, the layout and clustering characteristics of functional areas in different plots agree well with the industrial development goals, construction planning, and development history of the region.
This research provides a method for urban functional area identification based on POI data from the Internet map and carries out a case application for the Guangzhou Economic Development Zone. The results indicate that this method using POI data has high potential for application to the analysis of spatial distribution characteristics of urban functional areas and urban functional allocation planning. It should be noted that although the POI method has the above advantages, in its future applications, we still need to consider the uncertainty and incompleteness of POI data from the Internet map. In particular, when POI data are mainly collected through crowdsourcing, the above problems will become more prominent. In addition, in the process of urban functional area analysis, the scale should be considered in the grid division of urban functional areas. The size of the cell grids may have a slight impact on the conclusions of the study. An important future research direction is to recognize and divide functional areas with adaptive scales by combining traffic road data and the multiscale segmentation method from remote sensing images.
